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ɟɤɫɩɥɨɚɬɚɰɢјɚ ɧɚ ɦɢɧɟɪɚɥɧɢ ɫɭɪɨɜɢɧɢ ɢ ɟ ɢɦɟɧɭɜɚɧɨ ɤɚɤɨ ɉɈȾȿɄɋ-ɉɈȼȿɄɋ. 
ɋɬɪɭɱɧɨɬɨ ɫɨɜɟɬɭɜɚњɟ, ɧɚ ɬɟɦɚ: ɬɟɯɧɨɥɨɝɢјɚ ɧɚ ɩɨɞɡɟɦɧɚ ɢ ɩɨɜɪɲɢɧɫɤɚ 
ɟɤɫɩɥɨɚɬɚɰɢјɚ ɧɚ ɦɢɧɟɪɚɥɧɢ ɫɭɪɨɜɢɧɢ, ɬɪɚɞɢɰɢɨɧɚɥɧɨ ɫɟ ɨɞɪɠɭɜɚ ɫɟɤɨјɚ 
ɝɨɞɢɧɚ ɜɨ ɦɟɫɟɰ ɧɨɟɦɜɪɢ. ɇɚ ɨɜɚ ɫɨɜɟɬɭɜɚњɟ ɡɟɦɚɚɬ ɭɱɟɫɬɜɨ ɝɨɥɟɦ ɛɪɨј ɧɚ 
ɫɬɪɭɱɧɢ ɥɢɰɚ ɨɞ: ɪɭɞɚɪɫɤɚɬɚ ɢɧɞɭɫɬɪɢјɚ, ɭɧɢɜɟɪɡɢɬɟɬɢɬɟ, ɧɚɭɱɧɨ-
ɢɫɬɪɚɠɭɜɚɱɤɢɬɟ ɢ ɩɪɨɟɤɬɚɧɬɫɤɢɬɟ ɨɪɝɚɧɢɡɚɰɢɢ, ɩɪɨɢɡɜɨɞɢɬɟɥɢɬɟ ɧɚ ɨɩɪɟɦɚ ɢ 
ɞɪ. 
ɇɚ ɞɨɫɟɝɚɲɧɢɬɟ ɲɟɫɬ ɫɨɜɟɬɭɜɚњɚ (2007, 2008, 2009, 2010, 2011 ɢ 2012 ɝɨɞ.) 
ɭɱɟɫɬɜɭɜɚɚ ɩɨɜɟќɟ ɚɜɬɨɪɢ ɨɞ 8 ɞɪɠɚɜɢ, ɤɨɢ ɩɪɟɡɟɧɬɢɪɚɚ 142 ɫɬɪɭɱɧɢ ɬɪɭɞɨɜɢ.  
Ɂɚ ɨɜɚ ɫɟɞɦɨ ɫɨɜɟɬɭɜɚњɟ (ɉɈȾȿɄɋ - ɉɈȼȿɄɋ ’14) ɩɪɢјɚɜɟɧɢ ɫɟ 42 ɬɪɭɞɚ, ɧɚ 
ɚɜɬɨɪɢ ɨɞ 5 ɞɪɠɚɜɢ. 
Ƚɨɥɟɦɢɨɬ ɛɪɨј ɧɚ ɬɪɭɞɨɜɢ ɨɞ ɞɨɦɚɲɧɢɬɟ ɚɜɬɨɪɢ ɩɪɨɢɡɥɟɡɟ ɤɚɤɨ ɪɟɡɭɥɬɚɬ ɧɚ 
ɧɚɭɱɧɨ-ɢɫɬɪɚɠɭɜɚɱɤɚɬɚ ɪɚɛɨɬɚ ɪɟɚɥɢɡɢɪɚɧɚ ɧɚ ɜɢɫɨɤɨɨɛɪɚɡɨɜɧɢɬɟ ɢɧɫɬɢɬɭɰɢɢ 
ɜɨ Ɋ. Ɇɚɤɟɞɨɧɢјɚ. Ɇɟѓɭɬɨɚ, ɩɨɫɟɛɧɨ ɧɟ ɪɚɞɭɜɚ ɭɱɟɫɬɜɨɬɨ ɧɚ ɚɜɬɨɪɢ ɨɞ 
ɧɟɩɨɫɪɟɞɧɨɬɨ ɪɭɞɚɪɫɤɨ ɩɪɨɢɡɜɨɞɫɬɜɨ, ɤɨɢ ɲɬɨ ɩɪɟɡɟɧɬɢɪɚɚɬ ɩɨɫɬɢɝɧɚɬɢ 
ɪɟɡɭɥɬɚɬɢ ɜɨ ɪɭɞɚɪɫɤɚɬɚ ɩɪɚɤɫɚ. 
ɋɟ ɧɚɞɟɜɚɦɟ ɞɟɤɚ ɬɪɚɞɢɰɢјɚɬɚ ɡɚ ɫɨɛɢɪɚњɟ ɧɚ ɫɢɬɟ ɫɩɟɰɢјɚɥɢɫɬɢ ɨɞ ɨɛɥɚɫɬɚ 
ɧɚ ɩɨɞɡɟɦɧɚɬɚ ɢ ɩɨɜɪɲɢɧɫɤɚɬɚ ɟɤɫɩɥɨɚɬɚɰɢјɚ ɧɚ ɦɢɧɟɪɚɥɧɢɬɟ ɫɭɪɨɜɢɧɢ, ќɟ 
ɩɪɨɞɨɥɠɢ ɢ ɞɟɤɚ ɜɨ ɢɞɧɢɨɬ ɩɟɪɢɨɞ ɨɜɚ ɫɨɜɟɬɭɜɚњɟ ќɟ ɩɪɟɪɚɫɧɟ ɜɨ 
ɦɟѓɭɧɚɪɨɞɟɧ ɫɢɦɩɨɡɢɭɦ. 
 
ɍɪɟɞɧɢɰɢ 
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FOREWORD 
 
The International expert conference on underground mining of mineral raw materials 
(PODEKS), organized by the Association of Mining and Geology Engineers of 
Macedonia (AMGEM), was first held on 06.12.2007 in Probishtip. 
Since 2012, in this counseling, surface exploitation of mineral resources is included 
too, and it is called PODEKS-POVEKS. 
This expert conference called: Technology of underground and surface mining of 
mineral raw materials, traditionally,  has been organized annually during November. 
A number of experts from the mining industry, universities, research institutions, 
planning companies, and equipment manufacturing companies participate in this 
conference. 
Many authors from 8 countries participated in the previous six conferences (2007, 
2008, 2009, 2010, 2011 and 2012) presenting 142 expert papers.  
Fourty-two authors from 5 countries have registered their expert papers for the VIIth 
conference (PODEKS - POVEKS ’14). 
The large number of expert papers from the domestic authors has emerged as a 
result of the research work carried out at the higher education institutions in the 
Republic of Macedonia. We are particularly delighted by the participation of the 
authors involved in the immediate mining production who will be presenting the 
achieved results in the mining practice. 
We hope that the tradition of gathering of all specialists from the field of underground 
and surface mining of mineral raw materials will continue and that this conference 
will grow up to an international conference in the future. 
 
The Editors 
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MODERN COMPUTER  METHOD FOR PLANNING AND SIMULATION 
OF FIRE SCENARIOS AND EMERGENCY EVACUATION PLANS IN 
UNDERGROUND MINES 
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Аɩɫɬɪɚɤɬ: ɉɨɠɚɪɢɬɟ ɩɪɟɬɫɬɚɜɭɜɚɚɬ ɟɞɧɢ ɨɞ ɧɚјɫɟɪɢɨɡɧɢɬɟ ɨɩɚɫɧɨɫɬɢ ɤɨɢ ɦɨɠɚɬ ɞɚ 
ɧɚɫɬɚɧɚɬ ɩɪɢ ɪɚɛɨɬɚ ɜɨ ɪɭɞɧɢɤ ɡɚ ɩɨɞɡɟɦɧɚ ɟɤɫɩɥɨɚɬɚɰɢјɚ. ȼɨ ɫɥɭɱɚј ɧɚ ɩɨɠɚɪ, 
ɟɜɚɤɭɚɰɢјɚɬɚ ɧɚ ɥɭѓɟɬɨ ɦɨɠɟ ɞɚ ɛɢɞɟ ɢɫɤɥɭɱɢɬɟɥɧɨ ɬɟɲɤɚ. ɉɪɢɦɚɪɧɚ ɰɟɥ ɧɚ ɨɜɨј ɬɪɭɞ 
ɟ ɞɚ ɫɟ ɩɪɢɤɚɠɟ ɫɨɜɪɟɦɟɧ ɤɨɦɩјɭɬɟɪɫɤɢ ɩɪɢɫɬɚɩ ɡɚ ɩɥɚɧɢɪɚњɟ, ɦɨɞɟɥɢɪɚњɟ ɢ 
ɫɢɦɭɥɚɰɢјɚ ɧɚ ɩɨɠɚɪɧɢɬɟ ɫɰɟɧɚɪɢјɚ ɤɨɢ ɦɨɠɚɬ ɞɚ ɧɚɫɬɚɧɚɬ ɜɨ ɪɭɞɧɢɰɢɬɟ ɡɚ ɩɨɞɡɟɦɧɚ 
ɟɤɫɩɥɨɚɬɚɰɢјɚ ɢ ɜɪɡ ɨɫɧɨɜɚ ɧɚ ɨɜɢɟ ɪɟɡɭɥɬɚɬɢ ɞɚ ɫɟ ɨɞɪɟɞɚɬ ɛɟɡɛɟɞɧɢɬɟ ɩɚɬɢɲɬɚ ɡɚ 
ɟɜɚɤɭɚɰɢјɚ ɢ ɫɩɚɫɭɜɚњɟ ɧɚ ɫɢɬɟ ɜɪɚɛɨɬɟɧɢ. 
 
Ʉɥɭɱɧɢ ɡɛɨɪɨɜɢ: ɉɨɠɚɪɢ, ɩɥɚɧɨɜɢ ɡɚ ɟɜɚɤɭɚɰɢјɚ, ɦɨɞɟɥɢɪɚњɟ, ɫɢɦɭɥɚɰɢјɚ 
 
Abstract: Fires are one of the most serious dangers that can arise when working in 
underground mine. In case of fire, evacuation of people can be extremely difficult. The 
primary objective of this paper is to show modern computer method for planning, modeling 
and simulation of fire scenarios that can occur in underground mines, and from this results to 
determine safe routes for evacuation and rescue of all employees. 
 
Keywords: Fires, evacuation plans, modeling, simulation 
 
ȼɈȼȿȾ 
 
ɇɟɫɪɟќɢɬɟ ɤɨɢ ɫɟ ɫɥɭɱɭɜɚɚɬ ɜɨ ɪɭɞɧɢɰɢɬɟ ɡɚ ɩɨɞɡɟɦɧɚ ɟɤɫɩɥɨɚɬɚɰɢјɚ, ɧɚјɱɟɫɬɨ 
ɩɪɟɪɚɫɧɭɜɚɚɬ ɜɨ ɝɨɥɟɦɢ ɪɚɡɦɟɪɢ ɤɨɢ ɪɟɡɭɥɬɢɪɚɚɬ ɫɨ ɡɚɝɭɛɢ ɧɚ ɱɨɜɟɱɤɢ ɠɢɜɨɬɢ. 
ɇɟɫɪɟќɧɢɬɟ ɫɥɭɱɚɢ ɨɛɢɱɧɨ ɝɨ ɧɚɪɭɲɭɜɚɚɬ ɧɨɪɦɚɥɧɨɬɨ ɮɭɧɤɰɢɨɧɢɪɚњɟ ɧɚ ɪɭɞɧɢɤɨɬ, 
ɤɨɟ ɦɨɠɟ ɞɚ ɪɟɡɭɥɬɢɪɚ ɫɨ ɡɚɪɨɛɭɜɚњɟ ɧɚ ɪɭɞɚɪɢɬɟ, ɱɢј ɧɨɪɦɚɥɟɧ ɢɡɥɟɡ ɨɞ ɪɭɞɧɢɤɨɬ ɟ 
ɩɨɩɪɟɱɟɧ. Ɇɧɨɝɭɬɟ ɧɟɫɪɟќɧɢ ɫɥɭɱɚɢ ɤɨɢ ɧɚɫɬɚɧɭɜɚɚɬ ɜɨ ɪɭɞɧɢɰɢɬɟ ɡɚ ɩɨɞɡɟɦɧɚ 
ɟɤɫɩɥɨɚɬɚɰɢјɚ ɛɚɪɚɚɬ ɫɨɨɞɜɟɬɧɚ ɫɩɚɫɭɜɚɱɤɚɬɚ ɨɩɟɪɚɰɢјɚ ɢ ɩɥɚɧɨɜɢ ɡɚ ɟɜɚɤɭɚɰɢјɚ ɨɞ 
ɤɨɢ ɡɚɜɢɫɚɬ ɫɢɬɟ ɨɧɢɟ ɤɨɢ ɫɟ ɡɚɮɚɬɟɧɢ ɨɞ ɧɚɫɬɚɧɚɬɢɨɬ ɧɟɫɪɟќɟɧ ɫɥɭɱɚј.  
ɋɬɚɬɢɫɬɢɱɤɢ, ɟɞɧɢ ɨɞ ɧɚјɨɩɚɫɧɢɬɟ ɧɟɫɪɟќɧɢ ɫɥɭɱɚɢ ɤɨɢ ɦɨɠɚɬ ɞɚ ɧɚɫɬɚɧɚɬ ɜɨ 
ɪɭɞɧɢɰɢɬɟ ɡɚ ɩɨɞɡɟɦɧɚ ɟɤɫɩɥɨɚɬɚɰɢјɚ ɫɟ ɩɨɠɚɪɢɬɟ. ɇɟɫɪɟќɢɬɟ ɩɪɟɞɢɡɜɢɤɚɧɢ ɨɞ ɩɨɠɚɪ 
ɧɟ ɫɚɦɨ ɲɬɨ ɦɨɠɚɬ ɞɚ ɩɪɟɞɢɡɜɢɤɚɚɬ ɩɨɜɪɟɞɢ, ɢɥɢ ɜɨ ɧɚјɥɨɲ ɫɥɭɱɚј ɫɦɪɬɧɢ ɩɨɫɥɟɞɢɰɢ, 
 ɁɊȽɂɆ 
Ɂɞɪɭɠɟɧɢɟ ɧɚ 
ɪɭɞɚɪɫɤɢ ɢ 
ɝɟɨɥɨɲɤɢ ɢɧɠɟɧɟɪɢ 
ɧɚ Ɇɚɤɟɞɨɧɢјɚ 
VII ɋɌɊɍɑɇɈ ɋɈȼȿɌɍȼАЊȿ ɇА ɌȿɆА: 
Ɍɟɯɧɨɥɨɝɢјɚ ɧɚ ɩɨɞɡɟɦɧɚ ɢ ɩɨɜɪɲɢɧɫɤɚ ɟɤɫɩɥɨɚɬɚɰɢјɚ ɧɚ 
ɦɢɧɟɪɚɥɧɢ ɫɭɪɨɜɢɧɢ 
ɉɈȾȿɄɋ – ɉɈȼȿɄɋ ’14 
Ɋɚɞɨɜɢɲ 
14–15.11.2014 ɝɨɞ. 
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ɧɨ ɢɫɬɨ ɬɚɤɚ ɩɪɟɞɢɡɜɢɤɭɜɚɚɬ ɢ ɝɨɥɟɦɢ ɬɪɨɲɨɰɢ ɩɨɪɚɞɢ ɡɚɝɭɛɢ ɜɨ ɩɪɨɢɡɜɨɞɫɬɜɨ, 
ɪɟɩɚɪɚɰɢɢ ɢ ɡɚɝɭɛɚ ɜɨ ɞɨɛɪɚ ɜɨɥјɚ ɡɚ ɪɚɛɨɬɚ. 
ȼɨɧɪɟɞɧɚ ɫɨɫɬɨјɛɚ ɜɨ ɪɭɞɧɢɤ ɡɚ ɩɨɞɡɟɦɧɚ ɟɤɫɩɥɨɚɬɚɰɢјɚ, ɫɟ ɩɪɨɝɥɚɫɭɜɚ ɬɨɝɚɲ ɤɨɝɚ 
ɢɫɬɢɨɬ ɜɟќɟ ɧɟ ɟ ɜɨ ɫɨɫɬɨјɛɚ ɟɮɢɤɚɫɧɨ ɞɚ ɝɨ ɤɨɧɬɪɨɥɢɪɚ ɡɞɪɚɜјɟɬɨ ɢ ɛɟɡɛɟɞɧɨɫɬɚ ɧɚ 
ɥɭѓɟɬɨ. ɉɥɚɧɨɜɢɬɟ ɡɚ ɟɜɚɤɭɚɰɢјɚ ɢ ɫɩɚɫɭɜɚњɟ ɦɭ ɨɜɨɡɦɨɠɭɜɚɚɬ ɧɚ ɫɟɤɨј ɪɭɞɧɢɤ ɞɚ 
ɨɞɝɨɜɨɪɢ ɢ ɞɚ ɜɨɫɩɨɫɬɚɜɢ ɤɨɧɬɪɨɥɚ ɜɨ ɫɥɭɱɚј ɧɚ ɜɨɧɪɟɞɧɚ ɫɨɫɬɨјɛɚ.  
ɉɪɨɰɟɫɨɬ ɧɚ ɩɥɚɧɢɪɚњɟ ɧɚ ɫɢɫɬɟɦɨɬ ɡɚ ɫɩɪɚɜɭɜɚњɟ ɫɨ ɜɨɧɪɟɞɧɢ ɫɨɫɬɨјɛɢ, ɩɨɞɪɚɡɛɢɪɚ 
ɢɞɟɧɬɢɮɢɤɭɜɚњɟ ɧɚ ɫɢɬɟ ɢɬɧɢ ɫɰɟɧɚɪɢјɚ ɤɨɢ ɦɨɠɚɬ ɞɚ ɫɟ ɫɥɭɱɚɬ ɜɨ ɫɚɦɢɨɬ ɪɭɞɧɢɤ, ɚ 
ɩɨɬɨɚ ɢ ɪɚɧɝɢɪɚњɟ ɧɚ ɪɢɡɢɤɨɬ ɧɚ ɩɨɬɟɧɰɢјɚɥɧɢɬɟ ɨɩɚɫɧɨɫɬɢ ɢ ɩɨɫɥɟɞɢɰɢ ɨɞ ɨɜɢɟ 
ɜɨɧɪɟɞɧɢ ɫɰɟɧɚɪɢјɚ ɫɨ ɰɟɥ ɞɚ ɫɟ ɢɞɟɧɬɢɮɢɤɭɜɚɚɬ ɟɮɢɤɚɫɧɢ ɫɢɫɬɟɦɢ ɡɚ ɤɨɧɬɪɨɥɚ. 
ɐɟɥɬɚ ɧɚ ɩɥɚɧɢɪɚњɟɬɨ ɧɚ ɫɢɫɬɟɦɨɬ ɡɚ ɫɩɪɚɜɭɜɚњɟ ɫɨ ɜɨɧɪɟɞɧɢ ɫɨɫɬɨјɛɢ ɟ ɞɚ ɫɟ 
ɩɨɦɨɝɧɟ ɜɨ ɩɪɨɰɟɫɨɬ ɧɚ ɩɨɞɝɨɬɨɜɤɚ ɧɚ ɫɢɬɟ ɜɪɚɛɨɬɟɧɢ ɜɨ ɪɭɞɧɢɤɨɬ ɞɚ ɦɨɠɚɬ ɟɮɢɤɚɫɧɨ 
ɞɚ ɨɞɝɨɜɨɪɚɬ ɧɚ ɫɢɬɟ ɨɩɚɫɧɨɫɬɢ ɤɨɢ ɦɨɠɚɬ ɞɚ ɫɟ јɚɜɚɬ ɩɪɢ ɪɚɛɨɬɚ ɜɨ ɫɚɦɢɨɬ ɪɭɞɧɢɤ. 
 
1. ɂȾȿɇɌɂɎɂɄАɐɂЈА, ȾȿɎɂɇɂɊАЊȿ ɂ ɆɈȾȿɅɂɊАЊȿ ɇА ɉɈɀАɊɇɂɌȿ 
ɋɐȿɇАɊɂЈА ȼɈ ɊɍȾɇɂɄɈɌ ɁА ɉɈȾɁȿɆɇА ȿɄɋɉɅɈАɌАɐɂЈА ɇА ɈɅɈȼɈ ɂ ɐɂɇɄ 
“ɋАɋА”, Ɇ. ɄАɆȿɇɂɐА 
 
Ɂɚ ɢɞɟɧɬɢɮɢɤɭɜɚњɟ ɧɚ ɦɨɠɧɢɬɟ ɩɨɠɚɪɧɢ ɫɰɟɧɚɪɢјɚ ɜɨ ɪɭɞɧɢɤɨɬ ɡɚ ɩɨɞɡɟɦɧɚ 
ɟɤɫɩɥɨɚɬɚɰɢјɚ ɧɚ ɨɥɨɜɨ ɢ ɰɢɧɤ “ɋȺɋȺ”, ќɟ ɝɢ ɤɨɪɢɫɬɢɦɟ ɩɪɢɪɚɱɧɢɰɢɬɟ ɡɚ ɪɚɛɨɬɧɢɬɟ 
ɩɪɨɰɟɫɢɬɟ ɢ ɪɚɛɨɬɧɚɬɚ ɦɨɠɚɧɢɡɚɰɢјɚ ɤɨɢ ɞɟɬɚɥɧɨ ќɟ ɝɢ ɚɧɚɥɢɡɢɪɚɦɟ ɢ ɧɚ ɬɨј ɧɚɱɢɧ ќɟ 
ɝɢ ɢɞɟɧɬɢɮɢɤɭɜɚɦɟ ɩɨɬɟɧɰɢјɚɥɧɢɬɟ ɩɨɠɚɪɧɢ ɫɰɟɧɚɪɢјɚ. Ɉɞ ɩɪɢɪɚɱɧɢɰɢɬɟ ɡɚ ɪɚɛɨɬɧɢɬɟ 
ɩɪɨɰɟɫɢɬɟ ɢ ɪɚɛɨɬɧɚɬɚ ɦɟɯɚɧɢɡɚɰɢјɚ ɧɚ ɪɭɞɧɢɤɨɬ “ɋȺɋȺ”, ɢɞɟɧɬɢɮɢɤɭɜɚɧɢ ɫɟ ɦɨɠɧɢ 
ɩɨɠɚɪɧɢ ɫɰɟɧɚɪɢјɚ ɨɞ ɪɚɛɨɬɧɚɬɚ ɦɟɯɚɧɢɡɚɰɢјɚ: Boomer 281, Minetruck MT 2010, 
Scooptram ST 3.5 ɤɚɤɨ ɢ ɨɞ ɪɚɛɨɬɧɢ ɚɤɬɢɜɧɨɫɬɢ ɜɨ ɦɚɝɚɰɢɧɨɬ ɡɚ ɧɚɮɬɚ ɢ ɦɚɡɢɜɨ. 
 
 ɋɥɢɤɚ 1. Ɇɨɠɧɢ ɩɨɠɚɪɧɢ ɫɰɟɧɚɪɢјɚ ɜɨ ɪɭɞɧɢɤɨɬ ɡɚ ɩɨɞɡɟɦɧɚ ɟɤɫɩɥɨɚɬɚɰɢјɚ  
ɧɚ ɨɥɨɜɨ ɢ ɰɢɧɤ - “ɋȺɋȺ”, Ɇ. Ʉɚɦɟɧɢɰɚ 
 
ɂɡɛɨɪɨɬ ɧɚ ɫɰɟɧɚɪɢɨɬɨ ɡɚ ɦɨɞɟɥɢɪɚњɟ ɧɚ ɩɨɠɚɪɨɬ, ɧɟɨɩɯɨɞɧɨ ɟ ɞɚ ɝɢ ɨɩɢɲɟ 
ɩɪɟɬɩɨɫɬɚɜɟɧɢɬɟ ɤɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚ ɩɨɠɚɪɨɬ ɜɪɡ ɱɢјɚ ɨɫɧɨɜɚ ɫɟ ɛɚɡɢɪɚ ɫɚɦɨɬɨ 
ɫɰɟɧɚɪɢɨ. ɉɪɟɬɩɨɫɬɚɜɟɧɢɬɟ ɤɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚ ɩɨɠɚɪɨɬ ɫɟ ɢɦɟɧɭɜɚɚɬ ɫɨ ɩɨɢɦɨɬ 
“Ɇɨɞɟɥɢɪɚњɟ ɧɚ ɩɨɠɚɪ”. ȼɨ ɨɜɚɚ ɚɧɚɥɢɡɚ ɡɚ ɢɞɟɧɬɢɮɢɤɚɰɢјɚ, ɞɟɮɢɧɢɪɚњɟ ɢ 
ɦɨɞɟɥɢɪɚњɟ ɧɚ ɩɨɠɚɪɧɢɬɟ ɫɰɟɧɚɪɢјɚ ɜɨ ɪɭɞɧɢɤɨɬ ɡɚ ɩɨɞɡɟɦɧɚ ɟɤɫɩɥɨɚɬɚɰɢјɚ ɧɚ ɨɥɨɜɨ 
ɢ ɰɢɧɤ “ɋȺɋȺ”, ɧɟɦɚ ɞɚ ɝɢ ɚɧɚɥɢɡɢɪɚɦɟ ɦɨɠɧɢɬɟ ɢɡɜɨɪɢ ɧɚ ɩɚɥɟњɟ ɢ ɢɧɢɰɢɪɚњɟ ɧɚ 
ɩɨɠɚɪɨɬ ɬɭɤɭ ќɟ ɩɪɟɬɩɨɫɬɚɜɢɦɟ ɞɟɤɚ ɩɨɠɚɪɨɬ ɜɟќɟ ɫɟ ɢɦɚ ɫɥɭɱɟɧɨ ɢ ɧɚ ɬɨј ɧɚɱɢɧ ќɟ ɝɢ 
ɚɧɚɥɢɡɢɪɚɦɟ ɫɢɬɟ ɦɨɠɧɢ ɩɨɠɚɪɧɢ ɫɰɟɧɚɪɢјɚ ɨɞ ɩɨɝɨɪɟ ɫɩɨɦɧɚɬɚɬɚ ɦɟɯɚɧɢɡɚɰɢјɚ ɢ 
ɪɚɛɨɬɧɢ ɚɤɬɢɜɧɨɫɬɢ. 
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1.1 ɋɢɫɬɟɦ ɡɚ ɟɜɚɤɭɚɰɢјɚ ɢ ɫɩɚɫɭɜɚњɟ, ɢɡɪɚɛɨɬɟɧ ɜɪɡ ɨɫɧɨɜɚ ɧɚ ɞɜɢɠɟњɟɬɨ ɧɚ 
ɱɚɞɨɬ ɢ ɩɨɠɚɪɧɢɬɟ ɝɚɫɨɜɢ ɜɨ ɪɭɞɧɢɤɨɬ ɡɚ ɩɨɞɡɟɦɧɚ ɟɤɫɩɥɨɚɬɚɰɢјɚ ɧɚ ɨɥɨɜɨ ɢ 
ɰɢɧɤ - “ɋАɋА”, Ɇ. Ʉɚɦɟɧɢɰɚ 
 
Шɢɪɟњɟɬɨ ɢ ɞɜɢɠɟњɟɬɨ ɧɚ ɱɚɞɨɬ ɜɨ ɪɭɞɧɢɰɢɬɟ ɡɚ ɩɨɞɡɟɦɧɚ ɟɤɫɩɥɨɚɬɚɰɢјɚ ќɟ јɚ 
ɞɢɤɬɢɪɚ ɛɟɡɛɟɞɧɨɫɬɚ ɡɚ ɩɨɜɥɟɤɭɜɚњɟ ɢ ɫɩɚɫɭɜɚњɟ ɤɚɤɨ ɢ ɫɚɦɚɬɚ ɨɩɟɪɚɰɢјɚ ɧɚ 
ɫɩɚɫɭɜɚɱɤɢɬɟ ɫɥɭɠɛɢ. ɉɪɨɰɟɫɨɬ ɧɚ ɫɩɚɫɭɜɚɱɤɢɬɟ ɨɩɟɪɚɰɢɢ ɦɧɨɝɭ ɬɟɲɤɨ ɫɟ ɢɡɜɟɞɭɜɚ 
ɚɤɨ ɛɪɨјɨɬ ɧɚ ɦɨɠɧɢɬɟ ɩɚɬɢɲɬɚ ɡɚ ɩɨɜɥɟɤɭɜɚњɟ ɫɟ ɧɚɦɚɥɚɬ ɩɨɪɚɞɢ ɢɫɩɨɥɧɭɜɚњɟɬɨ ɫɨ 
ɱɚɞ ɧɚ ɢɫɬɢɬɟ. Ⱦɨɫɬɚɩɧɢɬɟ ɫɢɫɬɟɦɢ ɡɚ ɧɚɫɨɱɭɜɚњɟɬɨ ɧɚ ɞɜɢɠɟњɟɬɨ ɢ ɲɢɪɟњɟɬɨ ɧɚ 
ɱɚɞɨɬ ќɟ ɛɢɞɚɬ ɨɞ ɤɥɭɱɧɚ ɡɧɚɱɚјɧɨɫɬ ɡɚ ɛɟɡɛɟɞɧɚɬɚ ɟɜɚɤɭɚɰɢјɚ ɢ ɭɫɩɟɲɧɨɬɨ 
ɫɩɪɚɜɭɜɚњɟ ɫɨ ɩɨɠɚɪɨɬ. Ʉɨɦɩɥɟɤɫɧɚɬɚ ɩɪɢɪɨɞɚ ɧɚ ɩɨɞɡɟɦɧɢɬɟ ɪɭɞɧɢɰɢ ɫɨ ɝɨɥɟɦɢɨɬ 
ɛɪɨј ɧɚ ɨɤɧɚ, ɪɚɦɩɢ, ɩɪɟɱɧɢɰɢ, ɢ.ɬ.ɧ ɞɨɩɨɥɧɢɬɟɥɧɨ ɝɨ ɨɬɟɠɧɭɜɚ ɫɢɫɬɟɦɨɬ ɢ ɩɪɨɰɟɫɨɬ ɡɚ 
ɧɚɫɨɱɭɜɚњɟ ɢ ɫɩɪɚɜɭɜɚњɟ ɧɚ ɞɜɢɠɟњɟɬɨ ɢ ɲɢɪɟњɟɬɨ ɧɚ ɱɚɞɨɬ. 
 
1.1.1 Мɨɞɟɥиɪањɟ ɧа ɩɨɠаɪ ɧаɫɬаɧаɬ ɨɞ ɭɬɨваɪач Scooptram ST 3.5 
 
ɋɚɦɢɨɬ ɦɨɞɟɥ ɧɚ ɩɨɠɚɪɨɬ ɝɢ ɨɩɢɲɭɜɚ ɩɪɟɬɩɨɫɬɚɜɟɧɢɬɟ ɩɨɠɚɪɧɢ ɤɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɤɨ 
ɲɬɨ ɫɟ ɧɚ ɩɪɢɦɟɪ: ɫɬɚɩɤɚɬɚ ɧɚ ɨɫɥɨɛɨɞɭɜɚњɟ ɧɚ ɬɨɩɥɢɧɚ (СОКt rОХОКsО rКtО), ɩɪɨɬɨɤ ɧɚ 
ɬɨɩɥɢɧɚ, ɫɬɚɩɤɚ ɧɚ ɝɨɪɟњɟ ɧɚ ɦɚɬɟɪɢјɚɥɨɬ, ɝɟɧɟɪɢɪɚњɟ ɧɚ ɲɬɟɬɧɢ ɩɨɠɚɪɧɢ ɝɚɫɨɜɢ, ɱɚɞ 
ɢ.ɬ.ɧ. 
 
 ɋɥɢɤɚ 2. ɍɬɨɜɚɪɚɱ SМooptrКЦ ST 3.5 
 
Ќɟ ɩɪɟɬɩɨɫɬɚɜɢɦɟ ɞɟɤɚ ɩɨɠɚɪɨɬ јɚ ɡɚɮɚɬɢɥ ɩɪɟɞɧɚɬɚ ɞɟɫɧɚ ɝɭɦɚ ɧɚ ɭɬɨɜɚɪɚɱɨɬ 
Scooptram ST 3.5. 
 
Ɍɚɛɟɥɚ 1. ɏɟɦɢɫɤɢ ɢ ɮɢɡɢɱɤɢ ɤɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚ ɝɭɦɚɬɚ ɨɞ ɭɬɨɜɚɪɚɱ SМooptrКЦ ST 3.5 
Ƚɭɦɚ 
Ƚɨɥɟɦɢɧɚ ɧɚ ɝɭɦɚ Ƚɭɦɚ 17.50б25, 20 pХв, L-5S, 
Ɍɟɠɢɧɚ ɧɚ ɟɞɧɚ ɝɭɦɚ 248 kg  
Ƚɭɫɬɢɧɚ ɧɚ ɝɭɦɚ 1150 kg/m3 
ɉɨɟɞɧɨɫɬɚɜɟɧɚ ɯɟɦɢɫɤɚ (СвНroМКrЛon) 
ɮɨɪɦɭɥɚ  
C4H6 
Ɍɨɩɥɢɧɚ ɧɚ ɫɨɝɨɪɭɜɚњɟ 44004 kJ/kg 
ɋɬɚɩɤɚ ɧɚ ɝɨɪɟњɟ ɧɚ ɦɚɬɟɪɢјɚɥɨɬ 
Kg/m2*s (ɟɤɫɩɟɪɢɦɟɧɬɚɥɟɧ ɩɨɞɚɬɨɤ) 
0,062 Kg/m2*s 
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ȼɨ ɫɨɮɬɜɟɪɨɬ ɡɚ ɦɨɞɟɥɢɪɚњɟ ɧɚ ɩɨɠɚɪɢ Pyrosim, ɡɚ ɫɨɝɨɪɭɜɚњɟ ɧɚ ɟɞɧɚ ɝɭɦɚ ɫɨ 
ɬɟɠɢɧɚ ɨɞ 248 kg ɢ ɫɨ ɩɨɝɨɪɟ ɫɩɨɦɟɧɚɬɢɬɟ ɯɟɦɢɫɤɢ ɢ ɮɢɡɢɱɤɢ ɤɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɢ 
ɞɨɛɢɜɚɦɟ ɫɥɟɞɧɢɜɟ ɪɟɡɭɥɬɚɬɢ: 
 
 
Ƚɪɚɮɢɤɨɧ 1. ɋɬɚɩɤɚ ɧɚ ɨɫɥɨɛɨɞɭɜɚњɟ ɧɚ 
ɬɨɩɥɢɧɚ (СОКt rОХОКsО rКtО) 
 
Ƚɪɚɮɢɤɨɧ 2.  ɉɪɨɬɨɤ ɧɚ ɬɨɩɥɢɧɚ 
 
 
 Ƚɪɚɮɢɤɨɧ 3.  ȼɨɥɭɦɟɧɫɤɢ ɩɪɨɬɨɤ ɧɚ ɱɚɞ ɢ 
ɩɨɠɚɪɧɢ ɝɚɫɨɜɢ ɝɟɧɟɪɢɪɚɧɢ ɨɞ ɩɨɠɚɪɨɬ 
 
Ƚɪɚɮɢɤɨɧ 4.  Ƚɟɧɟɪɢɪɚњɟ ɧɚ CO ɨɞ 
ɩɨɠɚɪɨɬ 
 
 
Ƚɪɚɮɢɤɨɧ 5. ȼɨɥɭɦɟɧɫɤɚ ɫɨɞɪɠɢɧɚ ɧɚ 
ɤɢɫɥɨɪɨɞ ɜɨ ɩɨɠɚɪɧɨɬɨ ɦɟɫɬɨ 
 
 
Ƚɪɚɮɢɤɨɧ 6.  Ƚɟɧɟɪɢɪɚњɟ ɧɚ ɫɚѓɢ ɨɞ 
ɩɨɠɚɪɨɬ 
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ɋɰɟɧɚɪɢɨ 1: 
 
 ɋɥɢɤɚ 3. Ɇɨɞɟɥɢɪɚњɟ ɧɚ ɩɨɠɚɪɧɨ ɫɰɟɧɚɪɢɨ 1 
 
 
 ɋɥɢɤɚ 4. Ʌɨɤɚɰɢјɚ ɧɚ ɦɨɞɟɥɢɪɚɧɨɬɨ ɩɨɠɚɪɧɨ ɫɰɟɧɚɪɢɨ 1 
 
Ɂɚ ɩɪɟɫɦɟɬɤɚ ɧɚ ɞɜɢɠɟњɟɬɨ ɧɚ ɱɚɞɨɬ ɢ ɩɨɠɚɪɧɢɬɟ ɝɚɫɨɜɢ ɡɚ ɩɪɟɞɯɨɞɧɨ ɡɚɞɚɞɟɧɚ 
ɥɨɤɚɰɢјɚ ɜɨ ɪɭɞɧɢɤɨɬ ɡɚ ɩɨɞɡɟɦɧɚ ɟɤɫɩɥɨɚɬɚɰɢјɚ ɧɚ ɨɥɨɜɨ ɢ ɰɢɧɤ - “ɋȺɋȺ”, ќɟ ɝɨ 
ɤɨɪɢɫɬɢɦɟ ɫɨɮɬɜɟɪɨɬ MINEFIRE PRO+. ȼɨ ɫɨɮɬɜɟɪɨɬ MINEFIRE PRO+ ɝɢ ɜɧɟɫɭɜɚɦɟ 
ɩɪɟɞɯɨɞɧɨ ɩɪɟɫɦɟɬɚɧɢɬɟ ɩɨɠɚɪɧɢ ɤɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɞ ɫɨɮɬɜɟɪɨɬ PвrosТЦ, ɡɚ ɩɨɠɚɪ 
ɧɚɫɬɚɧɚɬ ɨɞ ɝɭɦɚ ɧɚ ɭɬɨɜɚɪɚɱ-Scooptram ST 3.5. 
 
Ɍɚɛɟɥɚ 2. ȼɥɟɡɧɢ ɩɨɠɚɪɧɢ ɩɚɪɚɦɟɬɪɢ ɜɨ ɫɨɮɬɜɟɪɨɬ MINEFIRE PRO+ 
ȼɨɥɭɦɟɧɫɤɢ 
ɩɪɨɬɨɤ ɧɚ ɱɚɞ 
ɢ ɩɨɠɚɪɧɢ 
ɝɚɫɨɜɢ 
ɝɟɧɟɪɢɪɚɧɢ 
ɨɞ ɩɨɠɚɪɨɬ, 
(m3/s) 
Ʉɨɧɰɟɧɬɪɚɰɢјɚ 
ɧɚ јɚɝɥɟɪɨɞ 
ɦɨɧɨɤɫɢɞ ɜɨ 
ɜɨɥɭɦɟɧɫɤɢɨɬ 
ɩɪɨɬɨɤ ɧɚ ɱɚɞ 
ɢ ɩɨɠɚɪɧɢ 
ɝɚɫɨɜɢ 
 CO, (%) 
ɉɪɨɬɨɤ ɧɚ 
ɬɨɩɥɢɧɚ ɨɞ 
ɩɨɠɚɪɨɬ,  
(kW) 
Ʉɨɧɰɟɧɬɪɚɰɢјɚ 
ɧɚ ɤɢɫɥɨɪɨɞ ɜɨ 
ɩɨɠɚɪɧɨɬɨ ɦɟɫɬɨ 
O2 , (%) 
ȼɨɥɭɦɟɧɫɤɢ 
ɩɪɨɬɨɤ ɧɚ 
ɜɨɡɞɭɯ ɜɨ 
ɨɝɪɚɧɨɤɨɬ Q, 
(m3/s) 
ȼɪɟɦɟ ɧɚ 
ɰɟɥɨɫɧɨ 
ɪɚɡɜɢɜɚњɟ 
ɧɚ ɩɨɠɚɪɨɬ 
(min) 
12 0,0155 684 20 22 1 
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Ɉɞ ɧɚɩɪɚɜɟɧɚɬɚ ɚɧɚɥɢɡɚ ɢ ɩɪɟɫɦɟɬɤɢ ɧɚ ɩɨɠɚɪɧɨɬɨ ɫɰɟɧɚɪɢɨ ɡɚ ɭɨɬɨɜɚɪɚɱ-Scooptram 
ST 3.5, ɫɨ ɜɥɟɡɧɢ ɩɚɪɚɦɟɬɪɢ ɞɚɞɟɧɢ ɜɨ ɬɚɛɟɥɚ 2. ɡɚ ɦɨɦɟɧɬɚɥɟɧ (ɥɨɤɚɥɢɡɢɪɚɧ) ɩɨɠɚɪ 
ɧɚɫɬɚɧɚɬ ɨɞ ɡɚɩɚɥɭɜɚњɟ ɧɚ ɩɪɟɞɧɚ ɞɟɫɧɚ ɝɭɦɚ, ɝɢ ɞɨɛɢɜɦɟ ɫɥɟɞɧɢɜɟ ɪɟɡɭɥɬɚɬɢ ɨɞ 
ɫɨɮɬɜɟɪɨɬ MINEFIRE PRO+: 
 
 Ƚɪɚɮɢɤɨɧ 7. Ʉɪɢɬɢɱɧɢ ɭɫɥɨɜɢ ɜɨ ɩɨɠɚɪɧɨ 
ɫɰɟɧɚɪɢɨ 1, ɫɨ CO > 0,1%, ɧɚ 90 ɫɟɤɭɧɞɢ 
ɨɞ ɡɚɩɨɱɧɭɜɚњɟɬɨ ɧɚ ɩɨɠɚɪɨɬ 
 
Ƚɪɚɮɢɤɨɧ 8. Ʉɪɢɬɢɱɧɢ ɭɫɥɨɜɢ ɜɨ ɩɨɠɚɪɧɨ 
ɫɰɟɧɚɪɢɨ 1, ɫɨ ɬɟɦɩɟɪɚɬɭɪɚ > 35 CO, ɧɚ 90 
ɫɟɤɭɧɞɢ ɨɞ ɡɚɩɨɱɧɭɜɚњɟɬɨ ɧɚ ɩɨɠɚɪɨɬ 
 
Ƚɪɚɮɢɤɨɧ 9. Ʉɪɢɬɢɱɧɢ ɭɫɥɨɜɢ ɜɨ ɩɨɠɚɪɧɨ 
ɫɰɟɧɚɪɢɨ 1, ɫɨ CO > 0,1%, ɧɚ 2340  
ɫɟɤɭɧɞɢ ɨɞ ɡɚɩɨɱɧɭɜɚњɟɬɨ ɧɚ ɩɨɠɚɪɨɬ 
 
Ƚɪɚɮɢɤɨɧ 10. Ʉɪɢɬɢɱɧɢ ɭɫɥɨɜɢ ɜɨ 
ɩɨɠɚɪɧɨ ɫɰɟɧɚɪɢɨ 1, ɫɨ ɬɟɦɩɟɪɚɬɭɪɚ > 35 
CO, ɧɚ 2430 ɫɟɤɭɧɞɢ ɨɞ ɡɚɩɨɱɧɭɜɚњɟɬɨ ɧɚ 
ɩɨɠɚɪɨɬ 
 
Ƚɪɚɮɢɤɨɧ 11. Ʉɪɢɬɢɱɧɢ ɭɫɥɨɜɢ ɜɨ 
ɩɨɠɚɪɧɨ ɫɰɟɧɚɪɢɨ 1, ɫɨ CO > 0,1%, ɧɚ 
4500  ɫɟɤɭɧɞɢ ɨɞ ɡɚɩɨɱɧɭɜɚњɟɬɨ ɧɚ 
ɩɨɠɚɪɨɬ 
 
 Ƚɪɚɮɢɤɨɧ 12. Ʉɪɢɬɢɱɧɢ ɭɫɥɨɜɢ ɜɨ 
ɩɨɠɚɪɧɨ ɫɰɟɧɚɪɢɨ 1, ɫɨ ɬɟɦɩɟɪɚɬɭɪɚ > 35 
CO, ɧɚ 4500 ɫɟɤɭɧɞɢ ɨɞ ɡɚɩɨɱɧɭɜɚњɟɬɨ ɧɚ 
ɩɨɠɚɪɨɬ 
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ɋɨ ɧɚɩɪɚɜɟɧɢɬɟ ɚɧɚɥɢɡɢ ɢ ɩɪɟɫɦɟɬɤɢ ɜɨ ɫɨɮɬɜɟɪɨɬ ɡɚ ɦɨɞɟɥɢɪɚњɟ ɧɚ ɩɨɠɚɪɢ 
Pyrosim, ɡɚ ɩɨɠɚɪɧɨɬɨ ɫɰɟɧɚɪɢɨ 1, ɞɨɛɢɜɦɟ ɜɪɟɦɟɧɫɤɚ ɞɨɥɠɢɧɚ ɧɚ ɩɨɠɚɪɨɬ ɨɞ 4500 
ɫɟɤɭɧɞɢ, ɡɚ ɰɟɥɨɫɧɨ ɫɨɝɨɪɭɜɚњɟ ɧɚ ɟɞɧɚ ɝɭɦɚ ɫɨ ɬɟɠɢɧɚ ɨɞ 248 kg. 
  
 ɋɥɢɤɚ 5. Ⱥɧɚɥɢɡɚ ɢ ɩɪɟɫɦɟɬɤɢ ɡɚ ɞɜɢɠɟњɟɬɨ ɧɚ ɱɚɞɨɬ ɢ ɩɨɠɚɪɧɢɬɟ ɝɚɫɨɜɢ ɧɚɩɪɚɜɟɧɢ 
ɜɨ ɫɨɮɬɜɟɪɨɬ MINEFIRE PRO+, ɡɚ ɩɨɠɚɪɧɨ ɫɰɟɧɚɪɢɨ 1 
 
ɉɨ ɧɚɩɪɚɜɟɧɚɬɚ ɚɧɚɥɢɡɚ ɢ ɩɪɟɫɦɟɬɤɢ ɡɚ ɞɜɢɠɟњɟɬɨ ɧɚ ɱɚɞɨɬ ɢ ɩɨɠɚɪɧɢɬɟ ɝɚɫɨɜɢ, 
ɝɟɧɟɪɢɪɚɧɢ ɨɞ ɩɨɠɚɪɧɨɬɨ ɫɰɟɧɚɪɢɨ 1, ɫɥɟɞɭɜɚ ɩɪɨɰɟɫ ɡɚ ɥɨɰɢɪɚњɟ ɧɚ 
ɦɟɫɬɨɩɨɥɨɠɛɚɬɚ ɧɚ ɫɢɬɟ ɥɭѓɟ ɜɨ ɪɭɞɧɢɤɨɬ ɢ ɢɡɞɚɜɚњɟ ɧɚ ɧɚɪɟɞɛɢ ɢ ɭɩɚɫɬɜɚ ɡɚ ɧɢɜɧɨ 
ɩɨɜɥɟɤɭɜɚњɟ ɩɨ ɩɪɟɞɯɨɞɧɨ ɩɪɟɫɦɟɬɚɧɢɬɟ ɛɟɡɛɟɞɧɢ ɩɚɬɢɲɬɚ ɡɚ ɫɩɚɫɭɜɚњɟ ɢ 
ɟɜɚɤɭɚɰɢјɚ (ɋɥɢɤɚ 5).  
 
 ɋɥɢɤɚ 6.  Ʌɨɰɢɪɚњɟ ɧɚ ɦɟɫɬɨɩɨɥɨɠɛɚɬɚ ɧɚ ɫɢɬɟ ɥɭѓɟ ɜɨ ɪɭɞɧɢɤɨɬ 
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Ɂɚ ɩɪɟɫɦɟɬɤɚ ɧɚ ɜɪɟɦɟɬɨ ɩɨɬɪɟɛɧɨ ɡɚ ɟɜɚɤɭɚɰɢјɚ ɢ ɫɩɚɫɭɜɚњɟ ɧɚ ɫɢɬɟ ɜɪɚɛɨɬɟɧɢ ɜɨ 
ɪɭɞɧɢɤɨɬ ɡɚ ɩɨɞɡɟɦɧɚ ɟɤɫɩɥɨɚɬɚɰɢјɚ ɧɚ ɨɥɨɜɨ ɢ ɰɢɧɤ - “ɋȺɋȺ”, ќɟ ɝɨ ɤɨɪɢɫɬɢɦɟ 
ɫɨɮɬɜɟɪɨɬ ɡɚ ɟɜɚɤɭɚɰɢјɚ Pathfinder. ȼɨ ɫɨɮɬɜɟɪɨɬ ɡɚ ɟɜɚɤɭɚɰɢјɚ Pathfinder ɩɪɟɞɯɨɞɧɨ 
ɬɪɟɛɚ ɞɚ ɝɨ ɦɨɞɟɥɢɪɚɦɟ ɜɨ 3D ɪɭɞɧɢɤɨɬ “ɋȺɋȺ” ɫɨ ɧɚјɩɪɢɛɥɢɠɧɢɬɟ ɞɨɥɠɢɧɢ ɧɚ 
ɯɨɞɧɢɰɢɬɟ (ɩɚɬɢɲɬɚɬɚ) ɤɨɢ ɨɞɝɨɜɚɪɚɚɬ ɧɚ ɪɟɚɥɧɢɨɬ ɪɭɞɧɢɤ.  
Ɂɚ ɩɪɟɫɦɟɬɤɚ ɧɚ ɜɪɟɦɟɬɨ ɩɨɬɪɟɛɧɨ ɡɚ ɟɜɚɤɭɚɰɢјɚ ɢ ɫɩɚɫɭɜɚњɟ, ќɟ ɡɚɞɚɞɟɦɟ ɫɪɟɞɧɚ 
ɛɪɡɢɧɚ ɧɚ ɞɜɢɠɟњɟ ɧɚ ɫɢɬɟ ɜɪɚɛɨɬɟɧɢ ɜɨ ɪɭɞɧɢɤɨɬ ɨɞ 1,19 m/s. 
 
 ɋɥɢɤɚ 7.  Ɋɭɬɚ ɡɚ ɟɜɚɤɭɚɰɢјɚ ɧɚ ɝɪɭɩɚ 1 
 
Ƚɪɚɮɢɤɨɧ 13. ȼɪɟɦɟ ɩɨɬɪɟɛɧɨ ɡɚ 
ɟɜɚɤɭɚɰɢјɚ ɧɚ ɝɪɭɩɚ 1  
 
Ƚɪɚɮɢɤɨɧ 14. ȼɪɟɦɟ ɩɨɬɪɟɛɧɨ ɡɚ 
ɟɜɚɤɭɚɰɢјɚ ɧɚ ɫɢɬɟ ɜɪɚɛɨɬɟɧɢ   
 
 
ȼɤɭɩɧɨɬɨ ɜɪɟɦɟ ɡɚ ɛɟɡɛɟɞɧɚ ɟɜɚɤɭɚɰɢјɚ ɧɚ ɫɢɬɟ ɜɪɚɛɨɬɟɧɢ ɜɨ ɪɭɞɧɢɤɨɬ “ɋȺɋȺ” ɤɨɢ ɛɟɚ 
ɡɚɮɚɬɟɧɢ ɨɞ ɩɨɠɚɪɧɨ ɫɰɟɧɚɪɢɨ 1, ɟ 2097 ɫɟɤɭɧɞɢ (34 ɦɢɧɭɬɢ). ɋɢɬɟ ɜɪɚɛɨɬɟɧɢ ɤɨɢ ɛɟɚ 
ɡɚɮɚɬɟɧɢ ɨɞ ɨɜɚ ɫɢɦɭɥɢɪɚɧɨ ɩɨɠɚɪɧɨ ɫɰɟɧɚɪɢɨ 1, ɛɟɚ ɩɨɜɥɟɱɟɧɢ ɩɨ ɛɟɡɛɟɞɧɢ 
ɩɚɬɢɲɬɚ, ɬɚɤɚ ɲɬɨ ɫɢɫɬɟɦɢɬɟ ɡɚ ɫɚɦɨɫɩɚɫɭɜɚњɟ ɧɟɦɚɲɟ ɩɨɬɪɟɛɚ ɞɚ ɛɢɞɚɬ ɚɤɬɢɜɢɪɚɧɢ. 
 
3. ɁАɄɅɍɑɈɄ 
 
ȼɨɧɪɟɞɧɚ ɫɨɫɬɨјɛɚ ɜɨ ɪɭɞɧɢɤ ɡɚ ɩɨɞɡɟɦɧɚ ɟɤɫɩɥɨɚɬɚɰɢјɚ, ɫɟ ɩɪɨɝɥɚɫɭɜɚ ɬɨɝɚɲ ɤɨɝɚ 
ɢɫɬɢɨɬ ɜɟќɟ ɧɟ ɟ ɜɨ ɫɨɫɬɨјɛɚ ɟɮɢɤɚɫɧɨ ɞɚ ɝɨ ɤɨɧɬɪɨɥɢɪɚ ɡɞɪɚɜјɟɬɨ ɢ ɛɟɡɛɟɞɧɨɫɬɚ ɧɚ 
ɥɭѓɟɬɨ. ɉɥɚɧɨɜɢɬɟ ɡɚ ɟɜɚɤɭɚɰɢјɚ ɢ ɫɩɚɫɭɜɚњɟ ɦɭ ɨɜɨɡɦɨɠɭɜɚɚɬ ɧɚ ɫɟɤɨј ɪɭɞɧɢɤ ɞɚ 
ɨɞɝɨɜɨɪɢ ɢ ɞɚ ɜɨɫɩɨɫɬɚɜɢ ɤɨɧɬɪɨɥɚ ɜɨ ɫɥɭɱɚј ɧɚ ɜɨɧɪɟɞɧɚ ɫɨɫɬɨјɛɚ. ɋɬɚɬɢɫɬɢɱɤɢ, ɟɞɧɢ 
ɨɞ ɧɚјɨɩɚɫɧɢɬɟ ɜɨɧɪɟɞɧɢ ɫɨɫɬɨјɛɢ ɤɨɢ ɢɦɚɚɬ ɨɞɧɟɫɟɧɨ ɧɚјɦɧɨɝɭ ɱɨɜɟɱɤɢ ɠɢɜɨɬɢ ɜɨ 
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ɪɭɞɧɢɰɢɬɟ ɡɚ ɩɨɞɡɟɦɧɚ ɟɤɫɩɥɨɚɬɚɰɢјɚ ɫɟ ɩɨɠɚɪɢɬɟ. ɉɥɚɧɨɜɢɬɟ ɡɚ ɟɜɚɤɭɚɰɢјɚ ɢ 
ɫɩɚɫɭɜɚњɟ ɜɨ ɫɥɭɱɚј ɧɚ ɩɨɠɚɪ ɜɨ ɪɭɞɧɢɰɢɬɟ ɡɚ ɩɨɞɡɟɦɧɚ ɟɤɫɩɥɨɚɬɚɰɢјɚ ɞɚɜɚɚɬ 
ɩɪɟɝɥɟɞ ɧɚ ɩɨɫɬɚɩɤɢɬɟ ɡɚ ɨɞɝɨɜɨɪ ɢ ɩɪɟɜɟɧɬɢɜɧɢ ɦɟɪɤɢ ɤɨɢ ɫɟ ɧɟɨɩɯɨɞɧɢ ɡɚ ɟɮɟɤɬɢɜɧɨ 
ɢ ɧɚɜɪɟɦɟɧɨ ɭɩɪɚɜɭɜɚњɟ ɫɨ ɨɜɚɚ ɜɨɧɪɟɞɧɚ ɫɢɬɭɚɰɢјɚ. Ȼɪɡɚɬɚ ɚɤɰɢјɚ ɢ ɩɪɟɬɯɨɞɧɚɬɚ 
ɩɨɞɝɨɬɨɜɤɚ ɡɚ ɫɩɪɚɜɭɜɚњɟ ɨɞ ɜɚɤɨɜ ɬɢɩ ɧɚ ɜɨɧɪɟɞɧɢ ɫɢɬɭɚɰɢɢ ɦɨɠɟ ɞɚ ɩɨɦɨɝɧɟ ɜɨ 
ɫɩɚɫɭɜɚњɟ ɧɚ ɱɨɜɟɱɤɢ ɠɢɜɨɬɢ ɢ ɡɚɲɬɢɬɚ ɧɚ ɮɢɧɚɧɫɢɫɤɢɬɟ ɢɧɜɟɫɬɢɰɢɢ ɜɨ ɫɚɦɢɨɬ 
ɪɭɞɧɢɤ. Шɢɪɟњɟɬɨ ɢ ɞɜɢɠɟњɟɬɨ ɧɚ ɱɚɞɨɬ ɜɨ ɪɭɞɧɢɰɢɬɟ ɡɚ ɩɨɞɡɟɦɧɚ ɟɤɫɩɥɨɚɬɚɰɢјɚ ќɟ 
јɚ ɞɢɤɬɢɪɚ ɛɟɡɛɟɞɧɨɫɬɚ ɡɚ ɩɨɜɥɟɤɭɜɚњɟ ɢ ɫɩɚɫɭɜɚњɟ ɤɚɤɨ ɢ ɫɚɦɚɬɚ ɨɩɟɪɚɰɢјɚ ɧɚ 
ɫɩɚɫɭɜɚɱɤɢɬɟ ɫɥɭɠɛɢ.  
Ɂɚ ɢɞɟɧɬɢɮɢɤɭɜɚњɟ ɧɚ ɦɨɠɧɢɬɟ ɩɨɠɚɪɧɢ ɫɰɟɧɚɪɢјɚ ɜɨ ɪɭɞɧɢɤɨɬ ɡɚ ɩɨɞɡɟɦɧɚ 
ɟɤɫɩɥɨɚɬɚɰɢјɚ ɧɚ ɨɥɨɜɨ ɢ ɰɢɧɤ “ɋȺɋȺ”, ɝɢ ɤɨɪɢɫɬɟɜɦɟ ɩɪɢɪɚɱɧɢɰɢɬɟ ɡɚ ɪɚɛɨɬɧɢɬɟ 
ɩɪɨɰɟɫɢɬɟ ɢ ɪɚɛɨɬɧɚɬɚ ɦɨɠɚɧɢɡɚɰɢјɚ ɤɨɢ ɞɟɬɚɥɧɨ ɝɢ ɚɧɚɥɢɡɢɪɚɜɦɟ ɢ ɧɚ ɬɨј ɧɚɱɢɧ ɝɢ 
ɢɞɟɧɬɢɮɢɤɭɜɚɜɦɟ ɩɨɬɟɧɰɢјɚɥɧɢɬɟ ɩɨɠɚɪɧɢ ɫɰɟɧɚɪɢјɚ. Ɉɞ ɩɪɢɪɚɱɧɢɰɢɬɟ ɡɚ ɪɚɛɨɬɧɢɬɟ 
ɩɪɨɰɟɫɢɬɟ ɢ ɪɚɛɨɬɧɚɬɚ ɦɟɯɚɧɢɡɚɰɢјɚ ɧɚ ɪɭɞɧɢɤɨɬ “ɋȺɋȺ”, ɢɞɟɧɬɢɮɢɤɭɜɚɧɢ ɫɟ ɦɨɠɧɢ 
ɩɨɠɚɪɧɢ ɫɰɟɧɚɪɢјɚ ɨɞ ɪɚɛɨɬɧɚɬɚ ɦɟɯɚɧɢɡɚɰɢјɚ: Boomer 281, Minetruck MT 2010, 
Scooptram ST 3.5 ɤɚɤɨ ɢ ɨɞ ɪɚɛɨɬɧɢ ɚɤɬɢɜɧɨɫɬɢ ɜɨ ɦɚɝɚɰɢɧɨɬ ɡɚ ɧɚɮɬɚ ɢ ɦɚɡɢɜɨ.  
ȼɨ ɨɜɨј ɬɪɭɞ ɟ ɩɪɢɤɚɠɚɧ ɫɨɜɪɟɦɟɧ ɤɨɦɩјɭɬɟɪɫɤɢ ɩɪɢɫɬɚɩ ɡɚ ɩɥɚɧɢɪɚњɟ, ɦɨɞɟɥɢɪɚњɟ ɢ 
ɫɢɦɭɥɚɰɢјɚ ɧɚ ɩɨɠɚɪɧɢɬɟ ɫɰɟɧɚɪɢјɚ ɤɨɢ ɦɨɠɚɬ ɞɚ ɧɚɫɬɚɧɚɬ ɜɨ ɪɭɞɧɢɤɨɬ ɡɚ ɩɨɞɡɟɦɧɚ 
ɟɤɫɩɥɨɚɬɚɰɢјɚ ɧɚ ɨɥɨɜɨ ɢ ɰɢɧɤ “ɋȺɋȺ”, ɢ ɜɪɡ ɨɫɧɨɜɚ ɧɚ ɨɜɢɟ ɪɟɡɭɥɬɚɬɢ ɫɟ ɨɞɪɟɞɟɧɢ 
ɛɟɡɛɟɞɧɢɬɟ ɩɚɬɢɲɬɚ ɡɚ ɟɜɚɤɭɚɰɢјɚ ɢ ɫɩɚɫɭɜɚњɟ ɧɚ ɫɢɬɟ ɜɪɚɛɨɬɟɧɢ. Ɂɚ ɢɡɪɚɛɨɬɤɚ ɧɚ 
ɩɚɬɢɲɬɚɬɚ ɡɚ ɟɜɚɤɭɚɰɢјɚ ɢ ɫɩɚɫɭɜɚњɟ ɜɨ ɫɥɭɱɚј ɧɚ ɩɨɠɚɪ ɤɨɪɢɫɬɟɧɢ ɫɟ ɫɥɟɞɧɢɜɟ 
ɫɨɮɬɜɟɪɢ: Ventsim, VnetPC, Pyrosim, ɆТnОПТrО pro ɢ Pathfinder. 
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